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Period for Reply 
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• Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 

earned patent term adjustment. See 37 CFR 1 .704(b). 

Status 

Responsive to communication{s) filed on . 
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DETAILED ACTION 



Specification 



The title of the invention is not descriptive. A new title is required that is clearly 
indicative of the invention to which the claims are directed. 

The following title is suggested: —method of forming a dual damascene interconnect by 
using selective depositing a tungsten layer--. 



Claim Rejections - 35 USC§102 



The following is a quotation of the appropriate paragraphs of 35 U.S. C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless ~ 

(e) the invention was described in a patent granted on an application for patent by another filed in the United 
States before the invention thereof by the applicant for patent, or on an international application by another who 
has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this tide before the invention 
thereof by the applicant for patent. 

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act of 1999 
(AIPA) do not apply to the examination of this application as the application being examined 
was not (1) filed on or after November 29, 2000, or (2) voluntarily published under 35 U.S.C. 
122(b). Therefore, this application is examined under 35 U.S.C. 102(e) prior to the amendment 
by the AIPA (pre-AIPA 35 U.S.C. 102(e)). 
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Claims 1-2, 5-9, 1 1, 14-15 and 17-20 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Havemann (U.S. Patent No. 6,156,651). 

Referring to figures 6A-6F, Havemann teaches a method of forming an integrated circuit 
comprising the steps of forming a dual damascene structure (figure 6b) in insulating material 
(30, 40) over the semiconductor substrate (10) the dual damascene structure comprising a trench 
(upper portion of contact hole) and a contact via (lower portion of contact hole) extending fi"om a 
bottom of the trench to expose a conductive element 10 (see col. 3, lines 43-45), depositing a 
first metal (tungsten, 66, see col. 3, lines 19-21) (as claimed in claims 2, 15 and 19) selectively 
over the conductive element relative to insulating surfaces of the dual damascene structure to 
partially fill the contact via (see figure 6C), and filling a remainder of the contact via with a 
second metal (70, aluminum, see figure 6E, as claimed in claims 2, and 20) by PVD (see col. 6, 
lines 44-46), the second metal of aluminum being more conductive than the first metal of 
tungsten and reflowing the conductor aluminum metal layer 70 at the temperature of 300-600°C 
(see col. 2, lines 19-24, as claimed in claim 5). 

r 

Regarding to claims 6-7, 14 and 18, depositing the first metal comprises filling the 
contact via to a height between about one-third and two-thirds or one half and two-thirds of a 
height of the contact via (see figure 6C). 

Regarding to claims 8-9, filling comprises overflowing the contact via to at least partially 
fill the trench with the second metal (70, aluminum), with a hot aluminum deposition by 
depositing the metal layer at a temperature of 300-600*^C (see col. 2, lines 19-24). 
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C/a/m Rejections - 35 USC §103 



The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 



Claims 3-4 and 16 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Havemann (U.S. Patent No. 6,156,651) as applied to claims 1-2, 5-9, 1 1, 14-15 and 17-20 above, 
and further in view of Liu (U.S. Patent No. 6,21 1,085). 

Havemann teaches selectively forming first metal initiated by a conductive area in the 
substrate at the bottom of the via (see col. 6, lines 40-44). However, Havemann does not teach a 
method of depositing a first metal layer by selective chemical vapor deposition with the 
depositing ratio of the first metal thickness over the conductive element to first metal thickness 
over insulating surface of dual damascene structure of greater than about 10:1 (as claimed in 
claims 3-4), and preferentially depositing comprises selectively nucleating the first metal on 
exposed conductive surfaces in the contact via during a chemical vapor deposition (as claimed in 
claim 16). Nevertheless, depositing a metal by selective chemical vapor deposition with the 
depositing ratio of the first metal thickness over the conductive element to first metal thickness 
over insulating surface of dual damascene structure of greater than about 10: 1, and preferentially 
depositing comprises selectively nucleating the first metal on exposed conductive surfaces in the 
contact via during a chemical vapor deposition is known in the semiconductor processing art as 
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evidenced by Liu. Liu teaches depositing a metal (tungsten, 80) by selective chemical vapor 
deposition (see col. 4, lines 50-52, figure 4, as claimed in claim 3) with the depositing ratio of the 
first metal thickness over the conductive element to first metal thickness over insulating surface 
of the dual damascene structure of greater than about 10: 1 (see figure 4), and preferentially 
depositing comprises selectively nucleating the first metal on exposed conductive surfaces in the 
contact via during a chemical vapor deposition (see col. 4, lines 25-3 1, as claimed in claim 16). 
Since, Liu teaches that tungsten is not formed on the insulating layer and first metal (tungsten) is 
not seen on the insulating surface of the dual damascene structure (see figure 4), hence it is 
obvious to a person of ordinary skill in the art that Liu's selectively depositing a metal tungsten 
on the via hole with partially filled having the thickness of the metal over the conductive element 
is at least ten times greater than the thickness of the metal over the insulating surface (as claimed 
in claim 4). It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made would deposit a metal by selective chemical vapor deposition with the 
depositing ratio of the first metal thickness over the conductive element to first metal thickness 
over insulating surface of the dual damascene structure of greater than about 10:1, and 
preferentially depositing comprises selectively nucleating the first metal on exposed conduaive 
surfaces in the contact via during a chemical vapor deposition in Havemann's process as taught 
by Liu because depositing a metal by selective chemical vapor deposition and selectively 
nucleating the first metal on exposed conductive surfaces in the contact via during a chemical 
vapor deposition would form a first metal only inside the contact via without (or only a minimal 
amount of) first metal formed on the insulating layer outside the contact via, therefore, using an 
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extra step to remove the first metal formed on the insulating layer outside the contact via is not 
needed. 



Claims 12-13 and 21-23 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Havemann (U.S. Patent No. 6,156,651) as applied to claims 1-2, 5-9, 11, 14-15 and 17-20 above, 
and further in view of Omura (U.S. Patent No. 6,028,362). 

Havemann teaches forming a third metal 62 over second metal 60 in figure 5G. 
However, Havemann does not teach depositing a third metal with physical vapor deposition over 
the second metal layer formed with physical vapor deposition. Nevertheless, depositing a third 
metal with physical vapor deposition over the second metal layer formed with physical vapor 
deposition is known in the semiconductor processing art as evidenced by Omura. Omura teaches 
depositing a second metal (aluminum, 56, as claimed in claim 13) by physical vapor deposition 
(see figure 22 and col. 17, lines 60-62) to fill the remaining portion of the contact via over the 
first metal and at least partially fill the trenches and heating to a temperature of 400-5 50*^C to 
reflow the second metal layer (aluminum, 56, see figure 22, col. 17, lines 23-63, as claimed in 
claims 5 and 13), depositing a third metal layer (aluminum, 71, 72) over the second metal layer 
by PVD process (see col. 18, lines 10-15, figure 23B, as claimed in claims 12 and 13). It would 
have been obvious to a person of ordinary skill in the art at the time the invention was made 
would deposit a third metal with physical vapor deposition over the second metal layer which is 
formed with physical vapor deposition in Havemann' s process as taught by Omura because third 
metal layer would have filled any depression formed on top of second metal layer, and third 
metal layer also can be used as muhi-level wiring interconnection. 
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In regarding to claims 21 to 23, Havemann does not teach forming a barrier and adhesion 
layer in the contact hole. Nevertheless, forming a barrier and adhesion layer in the contact hole 
is known in the semiconductor processing art as evidenced by Omura. Omura teaches in figures 
23 A, the contact via and the trench are lined with an adhesion layer and a barrier layer (50, Ti 
and TiN, see col. 9, lines 1-5) before depositing first metal (52, as claimed in claims 21-23). It 
would have been obvious to a person of ordinary skill in the art at the time the invention was 
made would have lined contact via and trench with an adhesion layer Ti and a barrier layer TiN 
before depositing the first metal because titanium (Ti) layer has very good metal adhesion 
property which enable the overlying material to adhere to underlying material such as silicon 
substrate or metal layer or even the insulating layer, and titanium nitride layer (TiN) barrier 
prevents the metal diffusion between metals or between metal and silicon material. 



Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over Havemann (U.S. 
Patent No. 6,156,651) as applied to claims 1-2, 5-9, 1 1, 14-15 and 17-20 above, and fiirther in 
view of Yu et al. (U.S. Patent No. 6,365,514). 

Havemann does not teach a method of depositing an aluminum second metal layer with a 
hot aluminum deposition into the contact trench and via, then depositing a cold aluminum layer 
over the hot aluminum layer. Nevertheless, depositing a second metal layer with a hot aluminum 
deposition then depositing a cold aluminum layer over the hot aluminum layer is known in the 
semiconductor processing art as evidenced by Yu et al. Yu et al. teaches a method of depositing 
an aluminum layer with a first step of depositing a hot aluminum layer into the contact trench 
and via then follow with a second step of depositing a cold aluminum layer over the hot 
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aluminum layer (see col. 3, lines 10-14, coL5, lines 19-28 and col. 7, lines 1-23). It would have 
been obvious to a person of ordinary skill in the requisite art at the time the invention was made 
would deposit a hot aluminum layer into the contact trench and via then follow with a cold 
aluminum layer over the hot aluminum layer in Havemann's process as taught by Yu et al. 
because depositing a hot aluminum layer in the contact trench and via will increase the mobility 
of aluminum atoms during the hot deposition process, therefore, the formation of voids within 
the aluminum layer can be avoided, and hot deposition process also promote the reaction 
between underlying tungsten metal layer and hot aluminum, and between tungsten with the 
underlying conductive layer to form a good contact between conductors. The second step of 
depositing a cold aluminum layer over hot aluminum layer prevents the long duration of hot 
aluminum deposition in a single step deposition process of aluminum, long duration of hot 
aluminum deposition at high temperature degrades the device performance due to out-diflftision 
of dopants in the implanted area of integrated circuit. 



Conclusion 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thanh Nguyen whose telephone number is (703) 308-9439, or by 
Email via address Thanh.Nguyen@uspto.gov. The examiner can normally be reached on 
Monday-Thursday from 7:00AM to 5:30PM. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Olik Chaudhuri, can be reached on (703) 306-2794. The fax phone number for this 
Group is (703) 308-7722. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the Group receptionist whose telephone number is (703) 308-0956 (See 
MPEP 203.08). 




Thanh Nguyen 
Patent Examiner 
Patent Examining Group 2800 



TTN 

August 12, 2002 



